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The Principles of Sampling. 


THE need for using truly representative samples for the purpose of analysis, and 
methods of obtaining samples, are discussed in a paper recently published in 
“Rock Products.”” The author is the late Chas. Demond, who made a special 
study of the problem of sampling with the California Portland Cement Company. 
The following abstracts are taken from the paper. 


In determining the value of materials there is sometimes a tendency to think 
that, although chemical analysis requires great accuracy, yet the getting of samples 
for analysis does not call for the scientific skill of the laboratory even though 
it does require some degree of care. In this connection it is particularly important 
to emphasise the difference between a specimen and a sample. The former is a 
portion that contains a noticeable amount of each essential constituent of the 
mass from which it is taken, but it is intended only as qualitatively representative. 
A sample, on the other hand, is definitely quantitatively representative: unless 
it contains the same proportions of each essential constituent, within specified 
limits, as there are in the original material, then no skill in chemical analysis will 
show the true content and value of the original mass within the limits specified. 
Correct samples can always be had if proper care is used ; and, commercially, 
they are well worth considerable cost. 


It is commonly, and with fairly good reason, assumed that the relative number 
of particles per ton at any two stages of crushing is approximately the same 
as if all the particles were of the maximum size at each stage. For example, it is 
considered that eight tons of rock at the 2-in. stage contain the same number 
of total particles as one ton at the I-in. stage, since a 2-in. lump has the same 
volume as eight I-in. lumps. Because the weights of different sizes of particles 
are proportional to the cubes of their diameters (provided they all have the same 
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specific gravity) the required weight at any size, using the kind of material 
mentioned, is expressed by the equation 


W= kD 

where W = weight, k is a constant, and D = diameter of largest particles. 

This formula has sometimes been considered suitable for any material, but with 
most ores there is a condition not present in the case mentioned : in all but the 
finer sizes of ore as it comes from the ground, a large proportion of the single 
pieces contain both valuable mineral and waste. A single piece of fine material 
could not possibly be a correct sample of the total mass: it would be 100 per 
cent. of one mineral and o per cent. of the other. But in the larger pieces it is 
possible for even a single piece to be a correct sample. Though we cannot pick 
up any particular lump and say off-hand that it is a correct average, yet there 
are so many pieces that moderately approach the average that a less total quantity 
will be needed than in the first instance. The chief problem is to determine, 
for any particular material, the proper quantity to take at each stage of crushing. 

When a rock product is ground to pass through a 150-mesh screen (0-004I-in. 
openings) and is well mixed, careful methods give a high degree of precision in 
the chemical analysis, with a limiting error of say 0-03 per cent. when using a 
I-gr. sample, for even a }-gr. sample of this size contains more than a hundred 
million particles. At this stage of grinding there is, usually, very little and 
sometimes no intercrystallisation of minerals even in cases where moderately 
coarse sizes show much of that condition. For pure minerals that have no 
intercrystallisation even in the coarse sizes the proper weights at different sizes 
are proportional to the cubes of the diameters of the largest particles, provided 
they all have the same specific gravity. Then, on the basis of 1 gr. being a suitable 
weight when everything is finer than 150-mesh, the required weight at I-in. is 
16 tons. But where there is intercrystallisation in the coarser sizes, a much 
smaller weight is commonly enough. 

In some ores, as mined, most of the valuable mineral is coarsely crystallised 
and irregularly distributed, while in others most of it is finely crystallised and much 
more evenly distributed. During the coarse and medium stages of crushing, 
the first of these two kinds yields more of the fine sizes of the valuable mineral 
than the second, because this mineral is much exposed to pulverising in that 
case. In the second case most of the valuable mineral is so dispersed in the 
gangue as to escape pulverising in the early stages. But, as the grinding gets 
finer, there comes to be less and less difference between the two ores as to the 
degree of segregation, and when the 150-mesh stage is reached nearly all the 
valuable mineral in each is completely separated from the gangue and of about 
the same range of particle size. 

Generalising the formula already quoted, by substituting a for * as the ex- 
ponent, we have 

W = kDa. 
This generalisation drops the assumption that all particles have the same specific 
gravity ; otherwise it would not be a generalisation but would exclude the majority 
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of cases. The natural difference indicated for various raw materials is expressed 
by the fact that a varies from one material to another. Table I shows weights 
at certain crushing sizes corresponding to different values of a. The 1-5 for a 
represents rocks that have uniforn distribution of values throughout the gangue, 


TABLE I. 


Pounds at different sizes 


0:0176 0:002204 ( 
144°00 ; : 0°0353 
2,310°:00 . . 0:0705 
37,000:00 . . 0-1410 0002204 


* 1/256-in. is a little finer than 150-mesh; and all weights in this table are somewhat 
higher than if they were based on 1 gr. at 150-mesh. 


and which can therefore be accurately sampled by taking only moderate weights 
at even coarse sizes ; while 3-0 represents those that have complete segregation 
of the valuable mineral from the waste even at the coarse stages, and hence 
require large quantities at those sizes. 

To understand clearly the practical value of the sampling equation we should 
carefully notice what the significance is of the coefficient & and of the exponent a. 


In setting up standards, any measure may be adopted as the unit of diameter. 
If an inch is chosen for the unit we see, in Table I, that when a is 2-0 the weight 
at } in. is (})*, or + of the weight at 1 in. ; and when a is 2-5 the weight at } in 
is (}) *5, or Jy of the weight at rin. But if we choose } in. as the unit of diameter, 
the weight at 1 in. when a is 2:5 is thirty-two times the weight at }in. Carrying 
this reasoning as far as we wish, we soon see that & is simply the weight at unit 
diameter. 


In the first mention of 3-0 for the value of a, reference is made to the fact 
that the volume of a solid is proportional to the cube of its diameter, but the 
process of determining the quantity to be taken at different stages of crushing 
and for different types of material is not a process of calculating volumes ; it is, 
primarily, an experimental method of determining the weight needed at different 
sizes to guarantee accurate samples. To convert volume to weight requires 
the introduction of the specific gravity factor, and in the experimental method 
this factor registers its own effect without the aid of the experimenter’s calculation. 
When we find such values for a as 2-00, 2°32, 2°48 and 2-90 it is not suggesting a 
fanciful method of calculating volumes. The 2-00 expresses the fact that if the 
rock is reduced, say, one-half in particle diameter the quantity to be taken at 
the smaller diameter is 25 per cent. off the total stream, while 2-32 represents 
20 per cent., 2-48 represents 18 per cent., and 2-90 represents 13} per cent. of the 
stream. Any such exponent automatically indicates the total effect of all the 
peculiarities of a particular type of rock, the specific gravities of its individual 
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minerals and its average specific gravity, its peculiarities of crystallisation and 
the manner in which it breaks due to peculiarities of fracture, and consequently 
from the progressive changes in segregation as crushing proceeds from coarse 
to fine stages. No value of a is introduced arbitrarily ; each is experimentally 
determined by the qualities of the material. 

This is so important to an understanding of the basic idea that some elabora- 
tion is worth while. It has been questioned whether a particular value of a does 
in fact represent the progressive changes in segregation at successive stages in 
crushing a particular type of ore. Indeed, it has been stated that to represent 
this effect we must progressively change a through a series of steps, from 1-5 
(when crushing from 4 in. to 2 in.) to 3-0 (when grinding from 65 to 150-mesh). 
The question is whether the weights for different sizes opposite 2-5 for example, 
in the a column of Table I, bear the kind of relation to the weights opposite 2-0 
that were discussed when distinctly segregated ore was compared with one that 
was fairly uniform. If such relations do hold, then we are assured that a single 
unaltered value of a adequately represents the characteristics of a particular 
ore. As a matter of fact they do hold. At the 1-in. stage in the Table the 2-5 
value of a calls for 16 times as much ore as does the 2-0 value of a; at the }-in. 
stage the ratio is only 8; at 7;-in. it is 4; at g,-in. it is 2; and finally at 1/256-in. 
(150-mesh) the weights for the two are the same. That is to say, Table I agrees 
with the natural characteristics of different types of ores, by virtue of which 
they come to be more and more alike, as to segregation, as they are broken finer 
and finer. 

If a certain value of a did not express the sampling peculiarities of a particular 
type of ore, and a different value express the peculiarities of another type, then 
there would be only one value of a for all ores. Under any plan that establishes 
a fixed value of a for all ores (including the scheme that, for all cases alike, makes 
a 1°5 at 4-in., 2-0 at }-in. and 3-0 at 65-mesh) there is, in place of the progressively 
changing ratio noted in the preceding paragraph, a constant relation. It is the 
ratio between the separate values of k. Under such a plan, if we have one copper 
ore that calls for 3,000 lb. at 1-in., and another for only 200 lb., the weights at 
150-mesh are in this same ratio. But we do not find, in actual experience, such 
a high ratio requirement (15 to 1) for chemical analysis at 150-mesh. The correct 
weights at 150-mesh are about the same for both ores, but the weights for the 
two must be very different at the coarse stages. 


While the method to be described is expeditious, it is not an off-hand procedure 
which can be turned over to untrained men. At each of three or more stages of 
crushing take at least ten separate cuts of the well mixed rock, by careful riffling, 
each cut to be of exactly the same weight but too small for an accurate sample. 
Table II suggests quantities for this purpose at certain sizes, both for fairly uniform 
material and for distinctly non-uniform material. From each of these cuts a 
portion is sent to the chemical laboratory after grinding through whatever screen 
is regularly used for laboratory samples. The analytical results will not check 
well among themselves ; but suitable calculations will show, for each cutting 
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stage, what weight will yield the desired accuracy. For example, if the average 
deviation of the chemical results is 0-5 per cent., and the required accuracy is a 
deviation of not over 0-1 per cent., then the necessary weight of sample is twenty- 
five times that of each cut taken for the trials. 


(3) a 


Having thus determined the proper weight for correct samples at each of the 
experimental sizes, further calculations give the values of & and a in the formula 
W = kDa, and from this the proper weights are calculated for whatever set of 
sizes is to be used in regular sampling. 


Table III shows data found by this method on several commercial materials, 
for a precision of 0-03 per cent. 


The three copper ores were chosen because of marked differences in copper 
content and in the physical distribution of the valuable minerals. Each of the 
first two contained less than 3 per cent. of copper in finely disseminated sulphides 
while the third had more than 7 per cent. of copper in coarsely segregated sulphides. 
The first cement material was a mixture of separately quarried lime rock and 
shale ; the second a mixture of separately quarried lime rock, shale, silica, and 
iron ore. The reason that a is not quite the limiting value (3-00) for these 
materials is that the minerals are not pure, and so neither of them is of uniform 
composition. If the mixture were of pure minerals, a would be 3-00 as previously 
shown. 


The variations among the copper ores suggest an important matter to be kept 
in mind—the question of being sure that large enough samples are always taken, 
This requires access to full information about the various ores of the district 
and tests on the ore that calls for the largest quantities, thereby making operation 
of the sampling mill safe for all deliveries. In the case of these copper ores, 
therefore, 2-48 would be chosen for a and 2,100 Ib. for k. 


If the required precision is less than 0-03 per cent., the weights need not be 
as great as are there shown. For example, if the precision for the cement materials 
was for a limiting error of 0-10 per cent., the value of k would be only 0-09 as 
great as shown in the table, 


° 2 
(223) = 0:09 
or 1,400 lb. and 3,030 Ib. respectively. 
It will be noticed that, for each case shown in Table III, the investigation indi- 
cated for such amounts to be taken for chemical analysis, when grinding the final 
samples through 150-mesh screens, as all experience proves to be suitable. It 


TABLE II. 


+s in. 


Uniform ore se ; : } oz. 
Non-uniform ore.. \ 5 Ib. 2 oz. 
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TABLE III. 


Weight for 

Kind of rock analysis at 
150-mesh 
Sulphide copper ore a 0:8 gr. 
Sulphide copper ore... . . 0-7 gr. 
Sulphide copper ore... ° I'l gr. 
Cement raw material .. . 0-6 gr. 
Cement raw material .. 2:0 gr. 


was at first quite startling to find this kind of confirmation of the soundness of 
the method used for investigation, since the finest size for the experimental tests 
was decidedly coarser than 150-mesh. 


The method of investigation described indicates the weight to be taken at 
any size if there is only one stage of sampling; but the more stages there are 
the greater are the chances of error. The effect of this is to require that weights 
indicated by the derived formula must be multiplied by. the number of stages. 
For example, a four-stage lay-out requires four times as much ore to be taken 
at any size as is shown by the basic formula. Because of increasing costs it is 
best to use the fewest possible number of stages ; but with original material as 
coarse as 3-in. the number cannot usually be made less than four. An important 
matter that needs daily checking is the size of coarsest particles at each crushing 
and grinding stage. If 0-50 in. is one of the intended sizes, it will often become 
0-60 in. unless frequent screen tests are made and the crusher adjusted accordingly. 
Visual estimates, without actual screen tests, are not dependable. Increasing 
from 0-50 in. to 0-60 in. will usually call for at least 50 per cent. greater weight 
but the mechanical cutter cannot respond to this increased demand ; it can take 
only the quantity for which it was designed. Again, when the fineness for the 
laboratory has been settled, it must be maintained by screen test on every sample. 
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Alkali Sulphate Resisting Cement. 
As a result of experience gained in the use since 1931 of a modified Portland 
cement in soils containing concentrations of alkali sulphates, the Canadian Engi- 
neering Standard Association has issued a tentative specification for this type of 
cement. Among the requirements of the specification are the following :— 

Chemical Properties.—The following maximum limits shall not be exceeded 
by amounts greater than the tolerances indicated in the chemical determination : 

Limits Tolerances 

(per cent.) (per cent.) 
Loss on ignition es “4 3°00 0°30 
Insoluble residue os Se 0°50 0-10 
Sulphuric anhydride .. a 2°00 0°20 
Magnesia a = ee 3°00 0°30 
Alumina. . “4 a ot 4°00 0°40 
Tricalcium aluminate .. x 4:00 0-40 

The percentage of silica (SiO,) shall be not less than 2-8 times the sum of the 
Al,O; and the Fe,O;. The percentage of iron oxide (Fe,O,) shall not exceed 
1-3 times the percentage Al,O,. The tricalcium aluminate content shall be 
calculated as follows : 

Per cent. 3CaO.Al,0, = 2-65 (per cent. Al,O, — 0-64 per cent. Fe,O3). 

Fineness.—The residue on a standard No. 200 sieve shall not exceed 18 
per cent. 

Soundness.—A pat of neat cement shall remain firm and hard, and shall 
not show any measurable distortion, or any signs of cracking, checking, or dis- 
integration, in the steam test for soundness. 

Tests for Sulphate Resistance. 

At the option of the purchaser one of the following tests shall be used as a 
performance test for sulphate resistance. 

Sulphate Test for Soundness.—One hundred grammes of cement and 
sufficient water (41 ml. to 45 ml.) to produce a paste of pouring consistency, 
without segregation, shall be placed in a beaker and stirred briskly with a spatula 
for one minute. Steel balls, #, in. in diameter, shall be placed three to a side 
along the two edges of a 5-in. by 7-in. piece of thin annealed glass, and they 
may be held in place with paraffin wax. The cement paste shall be poured on 
the glass and a similar glass lowered over the mass until it comes into contact 
with the balls in such a manner as to spread the paste without the inclusion of 
air bubbles. A light weight shal’. be placed on the upper glass, but not sufficient 
to bend it. The assembly shall be placed in a moist room for 24 hours and then in 
water for 24 hours, after which the glass plates shall be removed (by slight bend- 
ing). The cement specimen shall then be sawn to 2 in. by 4 in. and immediately 
immersed in water for 24 hours. 

A solution shall be made by dissolving 150 gr. of chemically pure anhydrous 
sodium sulphate in distilled water, and the volume of the solution made up to 
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1,500 ml. This solution shall be placed in a 2-quart jar equipped with a rubber 
gasket and tight cover. The temperature of the mixing water, moist closet, 
and water in the storage tank shall not vary from 70 deg. F. by more than 3 deg. F. 


The specimen shall be suspended in the solution by means of a copper wire 
(through a hole near one end of the specimen). The solution shall be neutralised 
every 24 hours by the addition of sulphuric acid. Phenolphthalein shall be used 
as the indicator. 6N acid shall be used throughout the test. The amount of 
acid added each day shall be tabulated, since an increase in the amount of acid 
required serves as an indication of failure of the specimen. The (ar containing 
the solution and the specimen shall be kept sealed except during neutralisation 
of the solution. The temperature of the solution shall be maintained between 
68 deg. F. and 81-5 deg. F. 

To meet the requirements of this test the specimen, after 28 days’ immersion 
in the solution, shall not show any warping or indications of disintegration. 

Length Changes.—The test bars shall be 1-5 cm. by 1-5 cm. by Io cm. 
effective gauge lengths made of standard sand and cement in the proportions 
of 5 to 1 by weight. The amount of mixing water shall be determined by the 
formula 


2 
Per cent. water=— + 6°5 


where P = normal consistency of neat paste and 6:5 is a constant for standard sand. 

At least nine bars should be made, in non-corroding metal moulds, for each 
cement. The freshly-prepared bars in the moulds are placed in a moist cabinet 
and maintained at a temperature of 70 deg. F. + 3 deg. F. for 48 hours. At the 
end of this period the bars are removed from the moulds and loose sand grains 
removed from the contact ends to which is applied, by a small brush, a thin layer 
of neat cement paste. The ends must be smooth, free from easily detachable 
material, and more resistant to the action of sulphates than the bar itself. The 
bars are returned to the moist cabinet for 20 to 24 hours, and at the end of this 
period are placed in fresh water at 70 deg. F. + 1 deg. F. for 12 days. Fifteen 
days after moulding they are measured. 

DISTILLED WATER ExposuRE.—Three of the nine bars are placed in 1,000 ml. 
of distilled water on their sides in a closed glass jar. (If the bats are stored on 
end in the solutions their weight may deform them and cause apparent warping.) 
These bars are measured after immersion for the same periods as the bars exposed 
to the sodium and magnesium sulphate solutions described later, and the average 
linear expansion found deducted from the length of the bars exposed in the 
sulphate solutions. All specimens are to be stored in the same room at a tem- 
perature of 70 deg. F. + 1 deg. F. 

SODIUM SULPHATE ExPposuRE.—Three of the bars are placed in 1,000 ml. 
of 0-15 molar solution of sodium sulphate made by dissolving 21-3 gr. of the 
anhydrous sodium sulphate per litre of solution, or 48-3 gr. of chemically pure 
sodium sulphate (Na,SO,.10H,O) per litre of solution. The three specimens 
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should be stored flat on the bottom of a circular glass jar with a glass cover pro- 
vided with a rim to prevent it from sliding off. The capacity of each storage jar 
should be at least three pints, or 1,400 ml. 


MAGNESIUM SULPHATE ExposuRE.—Three of the bars are placed in 1,000 
ml. of 0-15 molar solution of magnesium sulphate made by dissolving 37 gr. of 
chemically pure magnesium sulphate (MgSO, . 7H,O) per litre of solution. The 
bars are stored in glass jars, as described in the previous paragraph. 


MEASUREMENTS.—The bars are maintained as nearly as possible at 70 deg. F. 
and are measured on each seventh day. The increase in length is expressed in 
terms of the percentage of the 15-day length after correction has been made 
for the average length change of the bars stored in fresh water in the same room 
and at the same temperature. The length measurements and solution changes 
shall be made at intervals of seven days, solutions of the same concentration 
being used to replace the solution from which the bars have been removed for 
measurement. The measurements shall be continued for a period of at least 
four weeks. 


EXPANSION LimiTs.—-The average expansion of the bars exposed for four 
weeks to the sodium sulphate solution should not exceed one-tenth per cent. 
(o-r mm.) of the original length. The average expansion of the bars exposed 
for four weeks to the magnesium sulphate solution should not exceed two-tenths 
per cent. (0-2 mm.) of the original measurement. The bars should not be warped 
or softened. 


NoTE.—Sodium sulphate reacts actively with tricalcium aluminate, but 
does not appear to react to any extent with the other constituents of Portland 
cement. Magnesium sulphate, on the other hand, reacts to some extent with 
the lime hydrate of the lime silicates during the process of hardening, and in 
consequence the test bars of cement low in tricalcium aluminate (hence almost 


TABLE I. 


Method of storage Tensile strength 
Age (days) (Temperature 68 deg. F. (Ib. per sq. in.) 
to 70 deg. F.) 
1 day in moist air, 2 
days in water 
1 day in moist air, 6 
days in water 
1 day in moist air, 27 
days in water 


immune to reaction with sodium sulphate) may expand moderately in magnesium 
sulphate. Long-time tests indicate, however, that the expansion of bars of 
durable cements exposed in magnesium sulphate increases but slightly after 20 
weeks’ exposure. In contrast to this, the bars of ordinary Portland cement 
composition are greatly expanded, and in most cases partly disintegrated in the 
4-week period of exposure in either of the sulphate solutions mentioned. 
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TIME OF SETTING.—The cement shall not show initial set in less than 45 minutes 
when the Vicat needle is used. Final set shall be attained within ten hours. 

Tensile Strength.—The average tensile strength of not less than three standard 
mortar briquettes composed of one part cement and three parts standard sand 
by weight shall be equal to or higher than the figures given in Table I. 

The average tensile strength of standard mortar briquettes at 28 days shall 
be higher than at seven days. 


Prismatic Dark Interstitial Material in Clinker. 
A stupy of the dark interstitial material observed in etched and polished sections 
of Portland cement clinker has been made by Mr. William C. Taylor and is 
reported in Research Paper No. 1536 of the United States National Bureau of 
Standards. In an abstract of the paper the author states that as a result of a 
series of previous investigations by the phase equilibrium method it has been 
concluded that K,SO, and K,0-23CaO.12SiO, are the only compounds containing 
K,O that may exist when a mixture of K,0, CaO, MgO, Al,O;, Fe,O 3, SiO,, and 
SO;, in the proportions occurring in Portland cement clinker, is heated and 
cooled under equilibrium conditions. Frequent observations of a prismatic 
dark interstitial phase in etched polished sections of commercial clinker and in 
rapidly-cooled laboratory clinkers led to the present study of the relation of this 
phase to the system K,0.23CaO.12Si0,-CaO-5Ca0.3Al,0, and to other systems 
involving K,O. The prismatic phase has not been found to exist under equili- 
brium conditions, but has been produced only under conditions of rapid cooling. 
Both thermal and compositional conditions that have been found to be required 
for its formation suggest that it may be a metastable form of 3CaO.Al,O, and 
monotropic with respect to the stable, isotropic, rectangular 3CaO.Al,0,. That 
portion of K,O combined as K,SO, has been found to have no effect in inducing 
the formation of the prismatic phase. The conditions necessary for the formation 
of this phase are outlined. Although the exact composition has not been 
established definitely because of experimental difficulties, the close relationship 
between the prismatic phase and 3CaO.Al,O, leads to the recommendation that 
this phase be referred to as “ prismatic 3CaO.Al,0O,’’ instead of the term 
“prismatic dark interstitial material.”’ 

The author states that the relatively recent application of the metallographic 
method of microscopical examination, employing polished and etched specimens, 
to studies of Portland cement clinker has been of great value in obtaining a more 
exact conception of the types and amounts of the various constituents present. 
Certain phases appearing in the matrix between crystals of 3CaO.-SiO, and 
2CaO.SiO, are distinguished by the relatively rapid rate with which they are 
etched by water, and have come to be known collectively as “‘ dark interstitial 
material.’’ Some of these dark interstitial phases are crystalline and can be 
subdivided into rectangular and prismatic types, both of which are etched readily 
by water. An amorphous or glassy phase also is included in the dark interstitial 
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group. The readiness with which it is etched by water is determined by its 
composition. Generally, it is not acted upon to as great a degree as are the 
crystalline phases of this classification, but in some instances very little difference 
exists. 

In a paper published in 1938, Insley and McMurdie reported that the rect- 
angular isotropic material is 3CaO.Al,O,; and that the amorphous material is 
glass. The prismatic crystals were found to have a low double refraction with 
parallel extinction, and a mean refractive index approximating 1-72. These 
workers observed that when laboratory mixtures comparable to Portland cement 
in composition were cooled from 1,450 deg. to 1,250 deg. C. at a rate of 10 deg. C. 
per minute, only the Na,O-bearing and the K,O-bearing samples contained 
prismatic interstitial crystals similar to those observed in commercial clinker. 

A bladed form of 3CaO.Al,0, was observed by Brown in 1937 in thin sections 
of certain laboratory clinkers prepared from commercial mixes. This form was 
explained by Brown as due to a directional crystallisation of the 3CaO.Al,0 
conferred by the crystallising 3CaO.SiO,. A bladed form of 3CaO.Al,O, has 
been observed by the present author in preparations free of alkali and is dis- 
tinguished from the prismatic dark interstitial material. by an undulatory 
extinction and the absence of sharp parallel extinction. 

No K,O compound having optical properties similar to those of the 
prismatic phase has been identified in any of the phase-equilibrium studies 
of K,O-containing systems which are related to clinker compositions. The 
compound 8CaO.Na,0.3A1,0;, discovered by Brownmiller in the system 
Na,O-CaO-Al,O 3, has the refractive indexes a = 1-702 and A=1-7I0. It is 
possible that the presence of Fe,O, raises these indexes, because of solid solution, 
to values similar to those that have been observed for the prismatic phase. The 
system Na,O-CaO-Al,0,-SiO, is now being investigated. On the basis of present 
data, it appears that 8CaO.-Na,0.-3Al,0, may be a final product of crystallisation 
along with either or both 2CaO.SiO, and 3CaO.SiO,. However, some Na,O 
appears to be associated with CaO and SiO, in the formation of a ternary com- 
pound or in solid solution in 2CaO.SiO, and, in view of the low soda content of 
most Portland cement clinkers, rarely exceeding I per cent., it is doubtful whether 
appreciable amounts of 8CaO.Na,0.3Al,0, would be found in commercial clinkers. 

The results of the investigation are summarised as follows. 

Microscopical data obtained on commercial clinker by other investigators are 
presented, and the relation of the amounts of the prismatic phase to the calculated 
potential amounts of 3CaO.Al,O, is shown. 

A study was made of the relation of the prismatic dark interstitial material 
to the system K,0.23CaO.12Si0,—CaO—5Ca0.3Al,03. It was found that in 
this system the prismatic phase is not stable and does not appear in samples 
that have been cooled at rates approaching those of equilibrium conditions. 
It was obtained only under conditions of rapid cooling. Both thermal and 
compositional conditions found to be required for its formation suggest that it 
may be a metastable form of 3CaO.Al,0, and monotropic with respect to the 
stable, isotropic, rectangular 3CaO.Al,O3. 





Pace 122 CEMENT AND LIME MANUFACTURE Aucust, 1943 


The results of studies on samples having compositions beyond the limits of 
the system K,0.23CaO.12Si0,—CaO—5Ca0.3Al,0, likewise show the close 
relationship between 3CaO.Al,0, and the prismatic phase. 

It was found that the K,O which is combined as K,SO, in clinker does not 
induce the formation of prismatic dark interstitial material. 

While definite proof has not been presented that the composition of the 
prismatic phase is exactly that of 3CaO.Al1,O3, the data show the composition of 
the prismatic phase to be very close to that of 3CaO.Al,O3. Since the amounts 
of the other clinker phases, and the properties of cements, do not appear to be 
affected measurably by the presence of one form of crystalline dark interstitial 
material to the exclusion of the other, it is suggested that the prismatic phase 
be considered as a metastable form of 3CaO.Al,O, and referred to as “ prismatic 
3CaO.Al,O, ”’ instead of the indefinite term ‘‘ prismatic dark interstitial material.”’ 
Conditions necessary for the formation of prismatic 3CaO.Al,O, are outlined. 


The Future of the Cement Industry. 


THE following remarks on the position of the cement industry in this country 
were made by Sir P. Malcolm Stewart, Bt., at the annual general meeting of 
the Associated Portland Cement Manufacturers, Ltd., held in London in July. 

I now propose to comment on the strictures passed on big business and hope 
to demonstrate that these are ill-founded when tested by our own performance. 
If a critical analysis is made it will be found that much of the onslaught on 
monopolies, monopolistic control, and big business is, in effect, an attack on 
organisation. This array of nomenclature has become a slogan. It is an attack 
on the growth of effective organisation and rationalisation which, when rightly 
applied, have changed chaos into order and produced a degree of efficiency in 
industry hitherto unobtained. The attack is thus misdirected. It should be 
made against the wrongful use of such organisation where it is not directed to 
the welfare of the community. If it is right for the United Nations to pursue 
the grand ideals of the Atlantic Charter by working together to solve world 
problems surely industries with common interests should seek to solve their 
domestic problems by ordered co-operation. Initiative is not thereby destroyed 
since big business is the outcome of initiative and enterprise. If a man grows 
big it does not necessarily follow that he is a bully. There are clearly certain 
services which, due to their nature and to the fact that the community at large 
is dependent on them, should be controlled by the Government, preferably 
through public corporations. 

Let us once again consider the achievements of the cement industry, and 
the performance of our own company, and see how its power and prestige, the 
fruits of a planned policy, have been used fairly to the advantage of all interested 
parties of the community. The cement industry, because it has achieved internal 
harmony and successful organisation after years of effort, is often termed a 
monopoly. There is a touch of humour about this when one grasps the simple 
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fact that its raw materials comprise common chalk or limestone and clay, with 
all of which Providence has so bountifully endowed this little island. However, 
it must be admitted it requires considerable technical knowledge and practical 
experience to locate satisfactorily economic sites. It should be realised that 
those contemplating entering the industry have to face the fact that the capacity 
to produce has been expanded well in excess of the demand. Further, it is not 
an easy task to establish a new cement and replace those relied on by engineers 
and contractors with practical experience of their proven performance. The 
industry will, I trust, remain organised, if industrial organisation is not destroyed, 
but an elementary knowledge of geology will dispose of the idea that the 
manufacture of cement in this country can become a monopoly. 

Accepting the term big business as applicable to our own companies, I will 
state briefly a few outstanding facts as to our performance and policy. From 
1925 to 1938 we succeeded in reducing the cost of production per ton of annual 
output by 32 per cent. At the same time we reduced the net selling price per 
ton of cement at works paid by the consumer by 34 per cent. This was accom- 
plished despite the advances in the cost of fuel, steel, and stores purchased, and 
of increased wages and much improved conditions of work: and welfare for our 
employees. During this period prices were in the main controlled by the Cement 
Makers’ Federation, but not production. The suggestion that restriction by 
industrialists follows the control of selling prices certainly cannot be applied to 
the cement industry or to our company ; indeed, the reverse is the case. During 
the period reviewed we continuously expanded our production capacity and 
kept it in excess of the growing demand, fostered by giving the consumer free 
technical assistance and education through the Cement and Concrete Association 
as to the means of increasing the uses of cement. Progressive expansion 
successfully applied leads to increased efficiency, the true goal of organisation. 
Restriction of output is inevitable when demand falls. When silos and stores 
are filled to capacity the cement cannot be dumped or spirited away to make 
more room. The worst results of restrictive practice arise from the spreading 
of a reduced demand over inefficient and efficient production alike and the forcing 
up of prices to cover high costs of inefficient production. At the same time 
efficient works are paralysed through lack of orders raising their costs. 


Low costs can be secured by concentration of production on the most economic 
units ; that is those with the lowest cost plus transport to market. This has 
been the basis of our policy for long years. Inefficient works, where economically 
situated, have been completely reconstructed ; where uneconomically situated 
replaced by better sited modern works. At the same time works of potential 
service in times of abnormal demand have not been scrapped but maintained 
fit for service. 


This simply stated is the story of our application of rationalisation, of the 
use made of considerable control and. close organisation. Its success can be 
judged by the reduction obtained in the cost of production which has been passed 
on to the consumer ; further, our employees and stockholders have benefited, 
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and a sound financial position built up. Efficiency must be encouraged, 
inefficiency remorselessly eliminated. 

A study of the history of the cement industry during the period of free 
competition, which, as generally happens, degenerated into cut-throat competition, 
shows how it was brought to the verge of bankruptcy, paid miserably low wages, 
could earn no adequate margin of profit for depreciation or research, was shunned 
by finance, and, whilst unable to finance itself adequately, was expected to 
finance the building industry by giving the merchant and consumer greatly 
extended credit. I state briefly these few facts, based on experience not theory, 
to which so many planners resort and on which they found their schemes with 
complete confidence as to their practical effectiveness. 

No, it is not pre-war industrial organisation which was wrong; indeed, we 
shall post-war need more organisation designed to procure increased efficiency 
if we are to compete in our export markets and keep prices down in the home 
markets. The basic facts relative to the results accruing from the organisation 
of industry must be grasped and understood if a sound policy, the consequences 
of which can be calculated, is to be found. These attacks on initiative and 
efficient organisation, which it has taken long years to build, mislead the public, 
undermine confidence, and are a menace to the future prosperity of the country. 
What is required is that-appropriate steps be taken to ensure that the policy of 
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organised industry is rightly directed to the welfare of the community and its 
profits fairly applied. 


How is industry to function in the future ? I am one of those who look for 
a sound measure of reasoned reform of industry post-war. I will suggest one 
direction in which it might be exercised, whereby perhaps the major objections 
to organised control would be overcome ; that is, the provision for the survey 
of prices charged by organised industries to the consumer. I would advocate 
the setting up of a Prices Survey Council, responsible to the appropriate Minister, 
with the power to survey and check prices, and to obtain the relevant data for 
the purpose. Thus, those charging fair prices would secure the hall-mark of 
approval, and others would be required to toe the fair-price datum line. Further, 
when questions were asked in Parliament relating to a particular industry the 
Minister responsible could base his answer on reliable information obtained 
through the council. 

With regard to any further contact with or check on policy which may be 
required the essential principle to be observed is that these should be designed 
so as not to interfere with effective executive work and thus impair the main- 
tenance of efficiency. Government control exercised in the war has often resulted 
in the employment of uneconomic measures. This has been due to the need to 
meet exceptional requirements or conditions arising from the war. It will take 
many industries some time to recover from their effect, and the quicker the 
present form of Government control can be relaxed the sooner will enterprise 
and initiative have free play. Without these there can be no true national 
prosperity. 

Unless we are to suffer serious setbacks the problem of the future of industry 
should cease to be discussed in terms of State control versus private enterprise, 
but on the basis of State control cum private enterprise. Has not the best 
solution, in outline, been offered by the Prime Minister in his advocacy of a four 
years’ plan and the harnessing of both systems? Let us not underestimate the 
formidable tasks which confront us. Our industrial supremacy, which pre-war 
was dwindling, has to be rewon. It is difficult to see how this can be done and 
a new era, so dependent on efficient industrial effort, established unless we can 
secure the same degree of unity in the industrial sphere as that now prevailing 
under the inspiring leadership of our Prime Minister, which is carrying us on 
to victory. 


A forecast of the prospects for the current year is rendered difficult through 
considerable uncertainty being attached to two dominant factors. To-day it 
looks as though we are on the eve of experiencing a decline in the strong demand 
for construction carried out for the Government. Should this come about I 
cannot see any source from which it can be replaced in the near future. 
Consequently, I feel it my duty to warn our stockholders that they should be 
prepared for some falling off of the profits for the current year. Then, the very 
basis of our permitted profits is uncertain owing to the delays already referred 
to in arriving at a settlement with regard to the same. Once hard-fought-for 
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victory is won we shall see a revival of demand for our products, but I anticipate 
it will take time for this to reach its full strength. A period of adjustment will 
be needed to give practical effect to the many proposals for reconstruction and 
planning. These float around freely in an atmosphere of uncertainty and those 
meriting approval must be tethered to safe and sound principles. 

New and vital policies, which will bring about widespread changes, are being 
carefully studied. If sound solutions are to be found, decisions cannot be safely 
hurried. Nevertheless, it is to be hoped that an early settlement of basic 
principles affecting the control of land and the planning for building will shortly 
be determined. As our prospects in the field of conflict become brighter so the 
available time for giving effect to principles awaiting determination becomes 
shorter. I believe the efforts of those fighting for us will be stimulated by an 
increased knowledge that post-war plans are more clearly taking shape, that 
action not promise heralds the advent of the better Britain looked for. Meanwhile, 
we are steadily preparing plans for post-war expansion, since it is our desire and 
determination to be prepared to meet any increased demand which may arise 
in the future. 





